The relationship of macromolecular structure to biological activity will be understood in its totality only when complete structural determinations of representative macromolecules have been made. But even then, as now, a variety of physicoand biochemical methods will necessarily be brought to bear on such problems as the nature of the forces which determine and maintain structural integrity and the effect of distribution, spatial arrangement, and state of the various reactive groups in a protein molecule upon structure and biological activity. These experiments are naturally of interest for molecular genetics and the biosynthesis of proteins because they provide, among other things, information concerning the extent to which the amino acid sequence of a polypeptide chain determines per se its state of folding in a globular protein. Explanation, for example, of how such a slight change in primary structure as replacement of a single glutamic acid residue in hemoglobin A by valine in hemoglobin S can so profoundly modify the physiological activity of the protein, will be a major advance in our understanding of life processes. One approach to these problems is the study of complex formation between metallic cations and proteins. In fact, because of their widespread occurrence and important biological activities, metal-protein complexes constitute in themselves a problem of considerable interest. ' Provocative problems in this area are concerned with the nature of the heme-heme interaction in hemoglobin and the possible involvement of sulfhydryl groups in its mechanism; unmasking of metal binding sites on some protein molecules by denaturation or, as in the case of the interaction of Zn++ with serum albumin, simply by raising the temperature from 00 to 370C; stabilization of some proteins to enzymatic digestion or heat by metal ions; structure and mechanisms of action of metalloenzymes; role of Ngg++ in the structural stability of ribosomes; and binding of metal ions into chelate structures as in the case of complexes of hemoglobin with Hg++, (Fe+++)2-conalbumin, and Zn±++-insulin.
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The specific and reversible combination of Zn++ with a variety of proteins often results in insoluble Zn++-protein complexes. This fact underlies a system of fractionation of the plasma proteins2 and a method of separating fetuin from the other proteins of fetal serum.3 It has now been demonstrated spectroscopically that combination of Zn++ with myoglobin causes reversible alterations in macromolecular conformation. Mlyoglobin is an ideal protein for such investigations since its exact three-dimensional structure has been largely established by the crystallographic X-ray analyses of Kendrew and co-workers,4 thereby providing the fundamental information required for a detailed description of the mechanisms of its reactions. The realization that binding of Zn++ by myoglobin mediates conformational changes has important implications, not only for methods of fractionation of biological materials, but also for the mechanisms of biochemical reactions such as the metal-activation and poisoning of enzymes.
Experimental.-Solutions of ferri(met)myoglobin (Mann's crystalline material, dialyzed free of salt and lyophilized), containing 9 X 10-3 M zinc acetate and 0.04 M KC1, pH 6 .4, were incubated for 31/2 hr at 28.40C or 10 min at 46°. In control experiments, sodium acetate was substituted for zinc acetate. Reaction of the protein with Zn ++, as revealed spectroscopically, was reversed to yield renatured ferrimyoglobin by one of the following three methods: (a) adjustment of the pH of the reaction mixture to a value of 5.2 with acetic acid followed by incubation at room temperature for 7 hr; (b) dialysis of the reaction mixture for 5 hr versus 0.02 M acetate buffer pH 5.3; or (c) at pH 6.4 by addition of one volume of 0.05 M ethylenediamine tetraacetate (EDTA). Ferromyoglobin were prepared by reduction of native, Zn ++-reacted, or EDTA-renatured ferrimyoglobin with about 2 X 10-4 M sodium dithionite. For determination of the differential absorption spectra, reaction mixtures containing varying concentrations of protein were prepared at 1 0C, at which temperature the reaction leading to spectroscopic changes does not occur. A portion of each mixture was incubated for 10 mi at 46°, while another portion was maintained at 1 VC. The difference spectrum of the unreacted portion versus the reacted portion was measured in a Cary Model 14 spectrophotometer. In kinetic experiments at constant Zn++ concentration the ionic strength was adjusted with KCl. Plots of the logarithm of the initial logarithm rate of reaction versus the square root of ionic strength were extrapolated to zero ionic strength.
Results.-Reaction of sperm whale ferrimyoglobin with Zn++ at pH 6.4 results in major spectral changes. As shown in Figure 1 , 1. there is a marked reduction in the Soret band intensity of the protein accompanied by a shift of the band from an absorption maximum at 408 m1u 08 A to one at 390 mAu. Whereas the former band is % quite sharp, the latter is diffuse. These spectral = / \ changes can be reversed either by adjusting the pH o 0. of the reaction mixture to pH 5.2, as illustrated in < Figure 1, from a value of 6.4 to 5.2. Not only is the Soret band absorption of myoglobin altered by reaction with Zn++, but also the absorption in the spectral region between 450 and 700 m1u. The spectra of native ferri-, ferro-, and oxygenated ferromyoglobin in this region are presented in Figure 2A , and those of the Zn++-reacted ferrimyoglobin and its ferro-and oxygenated ferro-derivatives in Figure 2B . While all three spectra are markedly altered by reaction of the protein with Zn++, the change is most striking in the case of the oxygenated ferro-derivative, the double-banded structure characteristic of oxymyoglobin being virtually absent. It would thus appear that, rather than forming a relatively stable oxygen to iron band with the ferroprotein derived from Zn++-reacted ferrimyoglobin, the oxygen simply oxidizes the iron to its ferric state. PROC. N. A. S. Supporting evidence for conformational changes was sought in difference ultraviolet absorption spectra. Glazer and Smith7 discovered that the difference spectra of native versus denatured proteins show a prominent peak in the region of 230 mu, which may arise largely from a change in peptide-bond absorptivity concomitant with a conformational change.7'8 As illustrated in Figure 3 , acid-denatured myoglobin, which is known to be extensively unfolded,9 shows a difference peak at 229 m/i with a AEM value of 26,400. Likewise, Zn++-reacted myoglobin shows a difference fpeak at 228 mMi (Fig. 4) with a value of 16,700 for AEM at low protein concentrations. Despite the complication of a curious discontinuity'0 in the nature of the spectra and the plot 08 _ of differential absorbancy versus protein concentra-C 06 0 tion (Fig. 5) Finally, studies in progress in our laboratory show that, as in the case o fmyoglobin, combination of Zn++ with hemoglobin causes major and reversible alterations in Soret band absorption.
Summary.-Combination of Zn++ with myoglobin causes large and reversible changes in the ultraviolet and visible absorption spectra of the protein. The ratelimiting step in suppression of Soret band intensity appears to involve the mutual binding of a single Zn++ by two ionizable groups on the protein molecule with concomitant, reversible macromolecular conformational changes.
about 4S as compared with 2S for unreacted protein, aggregation per se does not seem to account for the discontinuity. Within experimental error, the sedimentation constant is the same at a protein concentration of 0.03 as at 0.0075 gm/100 ml. In passing, it should be noted that, when reaction with Zn + + is reversed, the sedimentation constant returns to its native value.
The apparent departure from Beer's law might simply be an instrumental artifact associated with the high absolute absorbances encountered at the higher protein concentrations, e.g., 1.7 at 228 mg and greater than 2 at 225 mg for a concentration of 0.02 gm/100 ml. Under these conditions stray light effects, which can act to lower and shift peak intensites, ' Recent results in the genetics of higher organisms, particularly Drosophila, have suggested that tests involving two different mutant alleles of the same gene may yield wild-type products without apparent recombination. The first example in Drosophila involved the reddish mutant in D. virilis, 1, 2 but more recently the garnet (g) locus of D. melanogaster has similarly given such "unusual" results.3$ 4 The difficulty in interpreting these experiments has been the ambiguity as to whether the wild-type products were the results of closely positioned multiple crossovers (negative interference) or were the result of a mutational event conditioned, at least in part, by the difference between the two alleles and perhaps associated with crossing over but not dependent upon it (gene conversion). The ambiguity may be resolved in favor of negative interference if evidence is obtained for the recovery of reciprocal products of the meiotic event, particularly the two alleles in cis configuration (double mutant). On the other hand, the ambiguity may be resolved in favor of gene conversion if adequate testing fails to reveal the presence of the double mutant.
In "lower" organisms, particularly the fungi, a. tetrad analysis is often possible,
